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ABSTRACT: Primary substrate components include peat moss, vermiculite, perlite, bark, 
and compost are commonly-used substrate in horticultural crop production. These substrate 
components are high cost due to the extreme cost of transportation, fuel for extraction, and 
processing. Local rice husk ash (RHA) as an alternative substrate component was used to 
evaluate the growth of Romaine Lettuce plants in response to the application of different 
incorporations of RHA in container substrates. The test was conducted with a completely 
randomized design of four RHA treatment, rates at 0%, 10%, 30%, and 50% (by vol.), with 10 
replicates. The results showed that plant stem elongation increased with decreased 
incorporations of RHA application. Although the fresh weight of plants (shoot or root) and 
number of leaves increased with the RHA application, no significant difference for the plant 
biomass  produced  (dry  weight  of  root  and  shoot)  between  the  30%  and  50%  RHA 
treatments. The RHA can be used as a local and low cost substrate component; and the 
incorporation of 30% (by vol.) RHA in container substrates is a certain amount for lettuce 
plant growth. 
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Rice husk ash (RHA) is an 
industrial by-product, it produced when 
rice husk is burnt for energy production to 
substitute diesel in electricity production to 
run rice mill machinery. Rice husk 
accounted   for   approximately   20%   of 
paddy production, meaning that about 2 
million tons of rice husk were produced 
annually, while the total paddy production 
is about 10 million tons per year in 
Cambodia (MAFF, 2020). About 10% of the 
rice husk is estimated to be used for energy 
production,   particularly,   for   the   rice 
milling sector in the country (Shackley et al, 
2012). Very large quantities of the RHA are 
produced, it becomes a waste problem. 
The RHA  and rice hush  biochar 
(RHB) are similar components, the RHA 
contents lower carbon compared to RHB 
due to uncontrolled burning process 
(Masulili et al, 2010). Recent research has 
shown that biochar cane be used as a 
replacement for commonly-used substrate, 
e.g. primary substrate components include 
peat moss, vermiculite, perlite, bark, and 
compost (Landis et al, 2009; Vaughn et al, 
2013; Vaughn et al, 2015). The cost of the 
commonly-used substrate is high due to 
the extreme cost of transportation, fuel for 
extraction,  and  processing  (Landis  et  al, 
2009; Wright & Browder, 2005). Searching 
for alternative environmental-friendly and 
local substrate components are 
recommended    (Carter     et    al,    2013;
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Huang & Gu, 2019). The RHA would be an 
alternative and low cost substrate 
components for horticultural crop 
production in Cambodia. 
However, the properties of 
substrate components used and the 
percentages of biochar in the substrate 
impact on plant growth (Huang & Gu, 
2019). We hypothesized that different 
percentages of the RHA in container 
substrates may impact on lettuce plant 
growth. The objective of this study was to 
evaluate the growth of Romaine Lettuce 
plants in response to the application of 
different incorporations of RHA in 
container substrates. 
MATERIALS AND METHODS 
Experimental Conditions and Design 
The experiment was conducted in a 
greenhouse (size – length: 10 m, wide: 8 m, 
high: 3 m) of the National University of 
Battambang (NUBB), Northwest 
Cambodia (13° 5' 6.95" N, 103° 13' 15.25" E), 
from November, 2020 to January, 2021. Air 
temperature, relative humidity and light 
density during growing condition were 
daily measured at 8 AM, 12 PM and 4 PM 
inside the greenhouse, see Fig. 1 for 
average daily temperature, relative 
humidity and light density recorded.  
 
Fig. 1: Average daily temperature, relative humidity and light density measured at 7 AM, 12 






























































A completely randomized design 
was used with four different treatments, 
with 10 replications (single pant per pot) 
for each treatment (Fig. 2). A mixing of 
90% (by vol.) soil with 10% composting 
cow manure as basis, incorporated with, 
0% RHA for control treatment, and 10%, 
30%, or 50% RHA (by vol.) for the other 
three treatments. 
 
Fig. 2: Layout of the experimental design 
for the application of different 
incorporations of rice husk ash 
(RHA) in container substrates for 
the Romaine lettuce plant 
cultivation in the greenhouse. 
The RHA used in this study was a 
by-product after energy production to 
substitute diesel in electricity production to 
run rice mill machinery in Battambang; it 
contents: 77.89% SiO2, 39.81% C, 1.20% 
K2O, 0.70% N, 0.56% P2O5, 0.47% CaO, 
0.44% Fe2O2, 0.29% MgO:, 0.16% Al2O2:, 
and 0.01% Na2O. The soil was classified as 
Brown hrydromorphic soil group (Crocker 
1962), and collected at the experimental 
field of NUBB, contents 50% clay, and pH: 
6.02. Black polyethylene plant grow pots, 
with size of 20 cm diameter and 20 cm 
heigh were used as container of the 
substrates. 
Green Romaine Lettuce (Lactuca 
sativa L. var. longifolia) was selected for this 
experiment as an example of leafy 
vegetable crops. The lettuce seeds were 
produced by the Sen Vàng Seeds Co. Ltd, 
Vietnam (purity: 98%, germination rate: 
85%, moisture: 10%), were sown on trays 
containing mixed soil and composting cow 
manure (2:1) then kept them under the net 
house and watering twice a day. Similar 
size the lettuce seedlings with 2 – 3 leave 
per plant, were transplanted in the 
container substrates when they were at 2 
weeks old, one plant each container 
substrate. The plants were watered twice a 
day (at 7 AM and 4 PM). Two weeks after 
transplanting, 80g Urea was dissolved into 
10L water then applied once to all plants 
(2g Urea per plant).     
Data Collection and Statistical 
Analysis 
To compare plant growth and 
development in each treatment, fresh and 
dry weight of shoot and root per plant 
were measured at the end of the 
experiment (42 days after transplanting). 
For fresh weight, shoot and root per plant 
were weighted after cutting then kept 
them in a hot air oven (Model 500; 
Memmert, Buchenbach, Germany) at 85 °C 
for 48 hours, and then incubated in 
desiccators before measurement of their 
dry-weight.  
To test the significance of difference 
in means of each variable for multiple 
groups, one-way analysis of variance or 
the Kruskal–Wallis test (Kruskal & Wallis, 
1952) was used due to the data were 
unnormal distribution. Tukey’s test 
(Tukey, 1949) was applied to compare all 
possible pairs of mean for each variable. 
All pairwise comparisons using least 
significant difference at α = 0.05. All 
statistical analyses were performed with 
the R statistical software, version 3.6.3 (R 
Core Team, 2020); and the plots were 
performed using ‘ggplot2’ R package 
(Wickham, 2011). To visualize correlations 
between all pairwise combinations of the 
variables included plant height, number of 
leaves, shoot and root dry weights, and 
amount of RHA used, bivariate 
relationships were analysed using 








numerical variables by performing 
correlation matrix using scatter plots in the 
‘Performance Analytics’ R package (Carl 
and Peterson 2010). 
RESULTS AND DISCUSSION 
Growth of the lettuce plants was 
found to be affected by RHA application 
(Fig. 3). For both plant shoot and root grew 
better when the higher amounts of RHA 
were applied, while the plant growth in 
the 10% RHA treatment was not 
significantly different comparing with 
those in the control group for both the 
shoot and root. The greatest growth was 
found in the 50% RHA treatment for the 
fresh weight of plant shoot and root, 
whereas their dry weights were not 
significant different between the 30% and 
50% RHA treatments, indicating that the 
50% RHA container substrate would 
provide more nutrients and water 
availability for plant growth.  
The Pearson’s correlation matrix 
plot (Fig. 4) showed that the dry weight of 
plant shoot, root, or number of leaves were 
significantly positive correlated with the 
amount of RHA applied, whereas the 
plant height was negatively correlated 
with the RHA application; showed that the 
RHA incorporates to make a better 
container substrate for a better root 
growth, allowing plants to take more 
nutrients and water for increasing number 
of leaves and leaf expansion, rather than 
stem elongation. The longer stem length 
with less leaves were observed in the 
container substrates with the 10% and 30% 
RHA treatments (by vol.). 
 
 
Fig. 3: Boxplot showing all pairwise comparisons of mean for the fresh and dry weight of 
shoot and root per plant in each treatment. Note: the black dots were individual data 
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The RHA incorporation in 
container substrates improve container 
capacity allowed lettuce plants to take 
more nutrients and water for the growth. 
The 30% (by vol.) RHA incorporation 
showed a better growth of letter plants in 
biomass production for shoot and root, this 
would be a certain RHA amount for 
container substrate incorporation. Carter et 
al (2013) showed that the incorporate of 
RHA (50 – 150 g) mixed with lake 
sediment (12.56 g), compost (25.12 g) and 
liquid compost application (by weight per 
1 kg substrate) used for container substrate 
could increase shoot and root growth of 
lettuce plants.  
The RHA is an industrial by-
product, due to uncontrolled burning 
process, the produced RHA has lower 
carbon content compared to rice husk 
biochar, whereas it has the same function 
for improvement of container substrate 
capacity (Masulili et al, 2010). The 
incorporation of 50% (by vol.) biochar with 
peat was found would increase peat 
substrate due to increased micropores after 
biochar incorporation (Méndez et al, 2015). 
Biochar incorporation could improve 
container substrates including: physical 
properties, e.g. increased bulk density, total 
porosity, air space and container capacity 
(Dumroese et al, 2011; Tian et al, 2012; Cao 
et al, 2014; Fan et al, 2015; Rusdi, et al 2019), 
and chemical properties, e.g. pH, electrical 
conductivity, cation exchange capacity 
(Yamato, et al 2006; Li et al, 2013; Carlile et 
al, 2015; Lawrinenko & Laird, 2015) for 
plant growth enhancement. The RHA also 
contents inorganic nutrients that can serve 
as a fertilizer to biofortify crops with plant 
essential nutrients included N, K, P, Si, Ca, 
Fe, Mg, etc. (White & Brown, 2010; Singha 
et al, 2019).  
 
Fig. 4: The Pearson’s correlation matrix of the plant growth variables and RHA applied. 
Note: RHA: rice husk ash (%; by vol.), Plant.height: maximum plant height (cm), 
Leave.No: number of leaves per plant, Shoot.DW: dry weight of plant shoot 
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Biochar application can increase 
pH, available water content, and influx of 
nutrients stimulating microbial 
communities and increasing microbial 
biomass (Saito, 1990; Warnock et al, 2007; 
Ezawa, 2002). 
CONCLUSION 
The incorporation of RHA 
application impacted on growth of the 
lettuce plants. Plant stem elongation 
increased with decreased RHA 
application. The fresh weight of plants 
(shoot and root) and number of leaves 
increased with the percentage of RHA 
application, whereas the plant  biomass 
(dry weight of root and shoot) produced 
similarly in either the 30% or 50% (by vol.) 
RHA applications. Higher incorporation of 
the RHA in container substrates allow 
plants absorb more water. The RHA can be 
used as a substrate of local and low cost 
components, and the incorporation of 30% 
(by vol.) RHA in container substrates is a 
certain amount for lettuce plant growth. 
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